Polycystic Ovary Syndrome (PCOS) is characterized by hyperandrogenism, amenorrhea, and polycystic ovaries. This endocrinopathy is associated with many metabolic disorders such as dyslipidemia and insulin resistance, with increased risk of type 2 diabetes mellitus, metabolic syndrome, and cardiovascular complications. Inflammation is likely to play an important role in the promoting these metabolic imbalances, while prothrombotic and pro-oxidative mechanisms further contribute to the cardiovascular risk of these patients. The etiology of PCOS is still not fully understood, but there is evidence of genetic and environmental components. This review aims to discuss some molecular pathways associated with PCOS that could contribute to the better understanding about this syndrome. Recent evidence suggests that intrauterine exposure of female mice to an excess of anti-Müllerian hormone may induce PCOS features in their post-natal life. High cytokine levels and cytokine gene polymorphisms also appear to be associated with the pathophysiology of PCOS. Furthermore, high levels of microparticles may contribute to the altered hemostasis and enhanced inflammation in PCOS. All these mechanisms may be relevant to clarify some aspects of PCOS pathogenesis and inspire new strategies to prevent the syndrome as well as treat its symptoms and mitigate the risk of long-term complications.
Polycystic Ovary Syndrome (PCOS) is the most common endocrine disorder in women of reproductive age (Bachanek et al. 2015; Jalilian et al. 2015; Bachelot 2016; Glintborg and Andersen 2017; Papadakis et al. 2017; Reis et al. 2017 ). The patients usually present hyperandrogenism, amenorrhea, and polycystic ovaries (Palomba et al. 2015; Aytan et al. 2016; Carvalho et al. 2017a; Glintborg and Andersen 2017; Reis et al. 2017) but not necessarily all of these conditions, since the existence of a great phenotypic variability (Unluturk et al. 2016 ).
Three criteria of PCOS diagnose are available: 1990 NIH (National Institute of Health) and National Institute of Child Health and Human Disease criteria (NICHD); 2003 Rottersdam criteria; and the 2006 Androgen Excess Society (AES) criteria. The first one considers hyperandrogenism and ovulatory dysfunction, while the Rotterdam criteria, jointly proposed by the American Society of Reproductive Medicine (ASRM) and the European Society of Human Reproduction and Embryology (ESHRE), include two out of the three manifestations: hyperandrogenism, ovu-latory dysfunction and polycystic ovaries. The AES criteria state that PCOS women should present, besides hyperandrogenism, ovarian dysfunction, polycystic ovaries or both complications (Jayasena and Franks 2014) .
Women with PCOS present a higher risk of obesity (in particular the visceral phenotype), dyslipidemia, insulin resistance (IR) with compensatory hyperinsulinemia, type 2 diabetes mellitus (T2DM), metabolic syndrome and cardiovascular complications (Palomba et al. 2015; Silva et al. 2015; Azziz et al. 2016; Pavaleanu et al. 2016; Carvalho et al. 2017a; Papadakis et al. 2017; Xavier et al. 2018) . Another relevant complication is infertility due to chronic anovulation (Joham et al. 2015; Glintborg and Andersen 2017) (Figure 1 ).
The etiology of PCOS is still not fully understood Dunaif 2016 ), but certainly corresponds to a multifactorial disorder Aytan et al. 2016) . Despite the gaps in the understanding of the pathogenesis of PCOS, several associated biochemical abnormalities have been well described and inflammation is likely to play an important role in promoting these metabolic imbalances (Repaci et al. 2011; Carvalho et al. 2017a) .
The recurrence of cases in the same family and studies with twins emphasize the importance of genetic factors in the pathophysiology of PCOS (KahsarMiller and Azziz 1998; Vink et al. 2006; Azziz 2008) . In addition, first-degree relatives of both genders of women with PCOS are also at increased risk of presenting the metabolic disorders associated with this syndrome (Norman et al. 2007 ). More than 100 candidate genes have been evaluated in previous studies, most of which are related to reproductive hormones, cellular metabolism, chronic inflammation, cell proliferation, and hemostasis (Jia et al. 2012; Ruan et al. 2012; Sales et al. 2013; Zhao et al. 2016; Hosseini et al. 2017; Reddy et al. 2018 ). More recently, Genome Patients have a dysfunction in the hypothalamic-pituitary-gonadal axis, which influences steroidogenesis. In the ovaries, theca cells exhibit steroidogenic dysregulation that elevates circulating androgens. In addition, women with PCOS have lower levels of SHBG, which raise the level of free testosterone. Hormonal imbalance causes the follicular development to be prematurely disrupted, causing chronic anovulation, amenorrhea, polycystic ovaries and infertility. Hyperandrogenism is also associated with accumulation of fat in the abdominal region and hyperinsulinemia secondary to insulin resistance (IR). Inflammation is considered an important link between the metabolic effects of PCOS, such as IR, dyslipidemia and T2DM. Visceral obesity causes an increase in plasma levels of inflammatory mediators and the adipocytes release fatty acids by lipolysis, causing dyslipidemia. PCOS women have higher oxidative stress markers and also an imbalance between pro-and anti-coagulant mediators. Hemostatic and oxidative imbalances, combined with inflammation, IR and dyslipidemia are factors that increase cardiovascular risk in these patients. TC = total cholesterol, Trigs = triglycerides, T2DM = type 2 diabetes mellitus.
Wide Association Studies (GWAS) have identified other several promising genes that may be related to the syndrome Zhao et al. 2016) . INSR, LHCGR, FSHR, YAP1, and C9orf3 are some examples of genes highlighted by these studies based on GWAS .
It is also clear that environmental factors are of great importance in the development of PCOS (Norman et al. 2007; Faghfoori et al. 2017) . Modifications in diet quality and weight loss improve fertility, IR, (Bagatini 2010; Faghfoori et al. 2017) , dyslipidemia, and hyperandrogenism (Bagatini 2010) . In addition, physical exercise brings beneficial results to the patients' health, with the reduction of IR and improvement of reproductive biomarkers such as antral follicle count and serum levels of sex steroids, gonadotropins and anti-Müllerian hormone (AMH) (Al-Eisa et al. 2017) .
PCOS is a condition of high prevalence (Zhao et al. 2006; Tehrani et al. 2011; Musmar et al. 2013; Jiao et al. 2014 ) with an important impact on the quality of life (Palomba et al. 2015; Silva et al. 2015; Pavaleanu et al. 2016; Papadakis et al. 2017 ). Although it is significantly expensive for the health system, the understanding of its pathophysiology is very relevant (Azziz et al. 2005) . This review aims to discuss hormonal, inflammatory, metabolic, and hemostatic profiles associated with PCOS that could contribute to the better understanding about this syndrome.
Pathophysiology of PCOS
Hyperandrogenism. An important feature in PCOS is the modification in androgenic dynamics (Morgante et al. 2015) . The theca cells of women with PCOS have intrinsic steroidogenic dysregulation (Rosenfield and Ehrmann 2016) , which involves the overexpression of the enzymes CYP11A, 3-HSD, and CYP17 and the Luteinizing Hormone (LH) receptor (Magoffin 2005) . In the ovarian granulosa cells, estradiol is generated by aromatase conversion of theca cell-derived androgens, but the aromatase activity is altered in women with PCOS, which reduces this conversion (Chen et al. 2015) . Genetic variants of the aromatase gene (CYP19) have been associated with the development of PCOS (Maliqueo et al. 2013) . In addition, when analyzing the follicle morphology of women with PCOS, an internal theca hyperplasia has been observed (Magoffin 2005) , which may also contribute to the elevation of androgen levels.
In vitro, insulin stimulates the production of androgens by theca cells (Nahum et al. 1995) . Unlike muscle and adipose tissue, theca cells remain insulin sensitive and their response to hyperinsulinemia is a greater production of androgens (Magoffin 2005) . Some studies have shown that insulin can also act as a stimulant of adrenal androgen production (Rittmaster et al. 1993; Kristiansen et al. 1997; De Leo et al. 2016) . The use of insulin sensitizing drugs, such as metformin, reduces the level of circulating androgens (Morgante et al. 2015) , which corroborates the hypothesis that IR plays a central role in the hyperandrogenic character of PCOS.
Another relevant finding is that the patients with PCOS (obese and non-obese) present higher activity of 5 α-reductase -an enzyme that converts testosterone to dihydrotestosterone (DHT), a more potent androgen -in skin, ovaries and liver compared to healthy controls (Jakimiuk et al. 1999; Skalba et al. 2006; Vassiliadi et al. 2009 ). Goodarzi et al. (2006) have shown an association between SRD5A2 gene polymorphisms that reduce the enzymatic activity of 5α-reductase and a lower risk of PCOS. In addition, they have demonstrated that 5α-reductase activity is closely associated with the body mass index (BMI) and fasting insulin levels in women with PCOS (Vassiliadi et al. 2009 ).
In PCOS women, the serum levels of sex hormone binding globulin (SHBG) tend to be decreased, which contributes to an increase in free testosterone (Nestler et al. 1991; Fan et al. 2013; Azziz et al. 2016; Deswal et al. 2018) , the biologically active form of the hormone (Burtis et al. 2008) . This is believed to happen because insulin inhibits SHBG production by hepatocytes, a mechanism that may be exacerbated in women with PCOS due to hyperinsulinemia (Nestler et al. 1991; Bartha et al. 2000; Azziz et al. 2016 ). In a cross-sectional study conducted by Seyfart and colleagues (2018) , higher levels of total testosterone were associated with higher BMI in healthy women. Moreover, higher levels of SHBG were associated with lower BMI, abdominal circumference, waist to hip ratio, leptin levels and adiposity (visceral and subcutaneous adipose tissue measured by magnetic resonance imaging). Deswal et al. (2018) have analyzed 10 studies about the effects of therapeutic interventions (with inositol, metformin, oral contraceptives, rosiglitazone, omega 3 or arcabose) on SHBG levels in women with PCOS, and have observed that the increase of SHBG levels is associated to an improvement in endocrine and metabolic parameters in these women.
Hyperandrogenism may also be associated with a greater accumulation of abdominal fat in PCOS women (Escobar-Morreale and Millan 2007) . Barbosa-Desongles et al. (2013) have demonstrated that testosterone treatment significantly increases the proliferation of human visceral pre-adipocytes in culture. In a case-control study, Echiburu et al. (2018) found that in PCOS women the adipocyte area was positively correlated with serum testosterone and visceral adipose tissue volume. In the same study, the visceral adipose tissue of the PCOS group had on average 49% greater area than that of women from the control group. Follicular development. In addition to androgens and insulin, other hormones also have abnormal secretion in PCOS. These changes include follicle-stimulating hormone (FSH) deficiency and LH hypersecretion, increasing the LH/FSH ratio in about 55 to 75% of the women with PCOS (Azziz et al. 2016; De Leo et al. 2016) . Healthy women show a decrease in the secretion of gonadotrophin-releasing hormone (GnRH) in the luteal phase due to a negative feedback caused by progesterone. However, in PCOS women, hyperandrogenism reduces progesterone negative feedback on GnRH (Burt Solorzano et al. 2012; Rojas et al. 2014) , therefore a fast GnRH pulse frequency is observed in this group, favoring the production of LH over FSH (Burt Solorzano et al. 2012; Azziz et al. 2016; Cimino et al. 2016; De Leo et al. 2016) . In vitro studies have shown that hypothalamus and pituitary gland have insulin receptors, which can stimulate the release of FSH and LH directly in hyperinsulinemic status. However, it is still unclear whether the alterations of the hypothalamicpituitary axis in PCOS are primary or secondary to changes in steroid hormone secretion (De Leo et al. 2016) . Hyperandrogenism is also related to an increase in abdominal adiposity (Dumesic et al. 2016) , which contributes to the inflammatory character of PCOS and to the changes in lipid profile (Delitala et al. 2017) .
Ovarian folliculogenesis is regulated by a delicate balance between extra and intra-ovarian factors. Disruption of this balance may muddle follicular development and formation of mature oocytes, leading to infertility (De Leo et al. 2016) . In healthy women, oocytes mature under the influence of various hormones, mainly FSH, and LH stimulates ovulation as well as final oocyte maturation (Azziz et al. 2016 ). In women with PCOS, there may be early luteinization due to high levels of LH. These women tend to form several antral follicles whose development is interrupted prematurely (De Leo et al. 2016) . The combination of these factors induces most follicles to stop at a small antral stage (Azziz et al. 2016) , acquiring up to 2-5 mm in diameter, which is two to three times larger than that observed in normal ovaries (Kurobe et al. 2012) .
In addition, women with PCOS have very high levels of AMH in serum and follicular fluid (Chang et al. 2013 ). This hormone is produced by granulosa cells and, in normal women, acts on the primordial follicle, inhibiting the recruitment of many follicles, and attenuates the effects of FSH on growing follicles. In women with PCOS, high levels of AMH lead to follicular resistance to FSH, which also impairs the follicle growth (Kurobe et al. 2012 ), selection of a dominant follicle, and recruitment of more primordial follicles (Azziz et al. 2016) . Furthermore, considering that FSH is also important to stimulate granulosa cells to convert androgens to estrogens (Chang et al. 2013) , the antagonism of AMH to FSH contributes to hyperandrogenism in PCOS (Azziz et al. 2016) .
Increased serum AMH is a common feature of PCOS and thus a potential biomarker of this syndrome (Dumont et al. 2015; Quinn et al. 2017) . Serum AMH levels correlate with the number of ovarian follicles and cysts and therefore, AMH can be used as an alternative to transvaginal ultrasonography to detect polycystic ovarian morphology, which is one of the criteria for diagnosing PCOS (Karakas 2017 ). Its measurement is also useful in the management of infertility in women with PCOS and as a marker of treatment efficiency in relieving PCOS symptoms (Dumont et al. 2015) . Tata et al. (2018) have conducted an experimental study to evaluate the androgenic effects of increased levels of AMH on mouse pregnancy. The researches treated a group of pregnant female mice with phosphate buffered saline (PBS) and another group with recombinant AMH at the end of gestation. When comparing the groups, they observed an excess of maternal testosterone and decreased placental conversion of testosterone into estradiol in the AMH group. There was also a masculinization of the AMH exposed female fetuses, in addition to reproductive characteristics similar to those observed in human PCOS.
GnRH-positive neurons express AMH receptors and exogenous AMH potently increases GnRH release (Cimino et al. 2016) . Tata et al. (2018) have also treated pregnant mice with AMH and GnRH antagonist. As a result, prenatal GnRH antagonist treatment prevented the appearance of reproductive defects in the offspring.
Inflammation. There is an imbalance in PCOS between pro-inflammatory mediators and anti-inflammatory cytokines, which is associated with a systemic low-grade inflammation in these women (Duleba and Dokras 2012; Mortada et al. 2015; Soter et al. 2015; Aytan et al. 2016) . Inflammation is considered to be a strong link between the numerous metabolic ramifications of the syndrome, such as IR, dyslipidemia, and T2DM (Repaci et al. 2011) , and may also contribute to an increased risk of cardiovascular complications in PCOS (Repaci et al. 2011; Soter et al. 2015; Carvalho et al. 2017b) .
Obesity, especially the visceral phenotype, causes an increase in the plasma levels of inflammatory mediators (Repaci et al. 2011; Aytan et al. 2016) , which is particularly relevant considering that women with PCOS tend to accumulate more fat in the abdominal region (Sam 2007) . Adipocytes are able to activate the complement system and produce inflammatory cytokines (Wellen and Horamisligil 2013) . Adipocytes from obese individuals show an increased release of proinflammatory adipokines, including tumor necrosis factor α (TNF-α) and interleukin-6 (IL-6) (Santos and Torrent 2010; Lehr et al. 2012) . Adipokines act in an autocrine, paracrine and endocrine form, presenting local to systemic effects (Santos and Torrent 2010) . The expression of proinflammatory adipokines is increased in PCOS and is proportional to adiposity and body mass index (Sarray et al. 2015) .
The subcutaneous adipose tissue releases high amounts of anti-inflammatory factors such as adiponectin and does not produce significant amounts of TNF-α, whereas the visceral adipose tissue releases pro-inflammatory mediators such as TNF-α and IL-6 (Santos and Torrent 2010), increasing the risk of cardiovascular diseases (Santos and Torrent 2010) and T2DM (Kopelman 2000) .
PCOS women show increased levels of plasma TNF-α (Mahde et al. 2009; Thathapudi et al. 2014) , which is mostly secreted by macrophages and visceral adipose tissue (Wang et al. 2005; Santos and Torrent 2010) . TNF-α stimulates the phosphorylation of the Insulin Receptor Substrate 1 (IRS-1) protein, inhibiting the signaling pathway of this hormone, which contributes to IR (Wang et al. 2005; Santos and Torrent 2010) . Moreover, TNF-α stimulates lipolysis in human adipocytes (Zhang et al. 2002; Green et al. 2004; Wang et al. 2005) , which increases circulating free fatty acids and may contribute to the development of cardiovascular diseases (Green et al. 2004 ). TNF-α also contributes to the atherogenesis process by stimulating the migration of monocytes and their differentiation into macrophages within the endothelial wall (Fonseca-Alaniz et al. 2007 ). Some studies (Wilson et al. 1997; Vural et al. 2010 ) have suggested that TNF-α promoter gene polymorphisms may be associated with PCOS risk. IL-6 is an important proinflammatory cytokine in chronic inflammation (Zheng and Li 2016) . The adipose tissue produces about 15 to 30% of circulating IL-6 levels, and the visceral fat contributes most of this production. It is also produced by cells of the immune system, such as macrophages and mast cells, besides endothelial cells and fibroblasts (Santos and Torrent 2010) . IL-6 levels are elevated in obese individuals (Eder et al. 2009 ) and in women with PCOS (Zheng and Li 2016) . Women treated with metformin have a reduction in IL-6 levels, which is probably related to the improvement of insulin sensitivity induced by this drug (Xu et al. 2014 ). IL-6 activates immune system cells (Santos and Torrent 2010) , stimulates lipolysis in adipocytes increasing levels of circulating free fatty acids ( Van-Hall et al. 2003) and is related to cardiovascular complications (Zheng et al. 2016) . A systematic review and meta-analysis included 25 case-control studies and a total of 1618 women (922 PCOS patients and 696 healthy women) and concluded that IL-6 levels were significantly lower in controls than in PCOS patients (Peng et al. 2016) . This study has suggested that higher IL-6 levels are significantly associated with HOMA-IR and total testosterone in lean and obese women with PCOS. In conclusion, IL-6 levels may be a useful monitoring biomarker for the prognosis in PCOS women.
We have demonstrated that IL-6 -179C/G polymorphism was associated with higher glucose levels in PCOS women. The IL-10 -1082A/G, -819A/T and -522A/G polymorphisms, as well as IFN-γ +874T/A polymorphism, were associated with lower total cholesterol and triglyceride levels in this group. The IL-10 -1082A/G and the TGF-β1 10T/C polymorphisms were associated with lower and higher clinical hyperandrogenism, respectively, in PCOS women. In addition, the TGF-β1 10T/C polymorphism was associated with a lower lipid accumulation product (LAP) index and higher high-density lipoprotein cholesterol (HDL-c) levels in the PCOS group .
PCOS is associated with low serum adiponectin levels (Vrbikova et al. 2005; Liu and Nair 2010; Mirza et al. 2014) . Adiponectin is an abundant adipokine produced and secreted exclusively by the adipose tissue. Adiponectin has anti-inflammatory, antiatherogenic, cardioprotective, and insulin-sensitizing effects in the liver and muscle (Santos and Torrent 2010; Sarray et al. 2015) . Regarding lipid metabolism, adiponectin reduces the production of triglycerides and serum levels of free fatty acids (Santos and Torrent 2010) . A systematic review of 15 studies indicated that adiponectin is linked to IR, BMI and adiposity in women with PCOS (Groth 2010).
Proteomic studies have suggested that haptoglobin -an inflammatory acute phase glycoprotein -may be also associated to PCOS (Matharoo-Ball et al. 2007; Insenser et al. 2010 ). More recently, we conducted a case-control study (Carvalho et al. 2017b ) that showed higher plasma haptoglobin levels in the PCOS group than in controls. In the aforementioned study, haptoglobin also showed a positive correlation with C-reactive protein (CRP) and pro-oxidative profile in the PCOS group.
Another promising inflammatory marker for PCOS is the amount of circulating microparticles (MPs) derived from leukocytes (LMPs). Recently, we conducted a case-control study with 50 PCOS patients and 50 healthy controls, in which we have observed increased total MPs and LMPs in the PCOS group. Microparticles are extracellular vesicles with 0.1-1 μm released from the cell membrane during cell activation and apoptosis and carry signaling molecules. Therefore, MPs are important messengers in cell-cell communication. LMPs may originate from neutrophils, monocytes/ macrophages, and lymphocytes. High levels of LMPs in PCOS women reflect leukocyte activation and systemic low-grade inflammation (Carvalho et al. 2017a) . LMPs can promote leukocyte-leukocyte interactions (Miller et al. 2016) , modify the endothelial function (Mesri and Altieri 1998) , take part in coagulation and platelet activation and promote the recruitment of inflammatory cells in the vascular wall, which are all necessary processes for the progression of the atherosclerotic lesion (Wojta 2015) . Consequently, increased LMPs levels in PCOS women could be involved in the altered hemostasis and inflammation. Dyslipidemia. Dyslipidemia is highly prevalent among patients with PCOS. According to the National Cholesterol Education Program (NCEP), approximately 70% of the women affected by the syndrome present changes in lipid profile (NCEP 2002) and these changes are mainly found after the fourth decade of life (Macut et al. 2013) . Women with PCOS tend to present higher levels of triglycerides, low density lipoprotein-cholesterol (LDL-c), and very low-density lipoprotein-cholesterol (VLDLc) (Diamanti-Kandarakis et al. 2007 ), which are characterized by pro-atherogenic potential. In contrast, women with PCOS have low levels of HDL-c, which plays an antiatherogenic role (Spritzer et al. 2001; Bagatini 2010; Rocha et al. 2010; Macut et al. 2013) . Such alterations in the lipid profile are typically observed in IR disorders and associated with increased risk of cardiovascular diseases (Rocha et al. 2010) . The family history of dyslipidemia is also frequent in cases of PCOS (Diamanti-Kandarakis et al. 2007) , which is related to the hereditary aspects of the syndrome.
Lipolysis is a catabolic process characterized by breakdown of triglycerides stored in adipocytes, releasing non-esterified fatty acids and glycerol (Langin 2006) , which are proportional to visceral adiposity (Arner 2005) . As women with PCOS tend to have greater adiposity in the abdominal cavity (EscobarMorreale and Millan 2007), the release of fatty acids by lipolysis is more evident in this group (Arner 2005) . Considering that visceral fat communicates with the liver through the portal vein, visceral lipolysis has major effects on this organ, characterized mainly by hepatic steatosis (Arner 2005) . Moreover, increasing the flow of free fatty acids to the liver stimulates the secretion and assembly of VLDL-c (Diamanti- Kandarakis et al. 2007; Nielsen and Karpe 2012) .
Testosterone regulates positively two genes involved in HDL-c catabolism: the SR-BI receptor gene (Scavenger receptor class B type I) and the hepatic lipase gene (Diamanti-Kandarakis et al. 2007; Vodo et al. 2013 ). In the liver, SR-BI protein plays an important role in lipid homeostasis by selectively capturing cholesterol esters from HDL-c and increasing hepatic cholesterol excretion (Song et al. 2015) . Hepatic lipase hydrolyzes phospholipids on the surface of HDL, facilitating the selective uptake of HDL-c lipids by SR-B1 (Vodo et al. 2013) . Thus, it is believed that the effect of testosterone on these two proteins (SR-B1 and hepatic lipase) leads to a decrease in HDL-c and an increase in total serum cholesterol in hyperandrogenic conditions, corroborating with these common findings in PCOS women (Diamanti-Kandarakis et al. 2007) .
Proprotein convertase subtilisin kexin type 9 (PCSK9) is a new component of lipid metabolism that is correlated to the development of dyslipidemia and atherosclerosis. This protein acts by preventing the recycling of LDL receptors (LDL-r) back to the cell surface and thus generates higher levels of LDLc. Recently, we demonstrated that the GG genotype in PCSK9 rs562556 polymorphism was associated with higher HDL-c in PCOS women, while AA genotype carriers had higher plasma testosterone levels, suggesting the relationship between dyslipidemia and androgenic status in PCOS women (Xavier et al. 2018) .
A higher level of oxidized LDL-c is also found in women with PCOS when compared to controls (Macut et al. 2006) , which is directly related to the pathogenesis of atherosclerosis (Birukov 2006 ).
Visceral obesity is strongly associated with IR, dyslipidemia, and cardiovascular diseases (Ouchi et al. 2011) , complications to which women with PCOS are more susceptible (Palomba et al. 2015; Azziz et al. 2016; Pavaleanu et al. 2016; Papadakis et al. 2017) . IR is indicated as a key element in the dyslipidemia of patients with PCOS. Women with PCOS and T2DM show a significantly higher prevalence of lipid abnormalities (88%) compared to women with normal glucose tolerance (58%) (Diamanti-Kandarakis et al. 2007) . The use of drugs that increase insulin sensitivity tends to improve the lipid profile of patients (Macut et al. 2013) , and also reduces their cardiovascular risk (Lamanna et al. 2011 ).
Oxidative stress. Artimani et al. (2018) have evaluated follicular fluid samples of 21 PCOS women compared to 21 women with normal ovarian function. The oxidative stress was examined by measuring total oxidant status (TOS), malondialdehyde (MDA), total antioxidant capacity (TAC), and thiol groups. They have observed that PCOS women had an elevated concentration of MDA and TOS compared to controls. Besides, levels of TAC and thiol groups were lower in PCOS compared to controls. In agreement, Di Segni et al. (2017) observed significantly higher MDA levels in peripheral mononuclear cells from PCOS than in controls. Ozer et al. (2016) have evaluated 71 women with PCOS and 53 healthy controls and found higher MDA and glutathione peroxidase and lower serum catalase levels than in the control group. Infertile PCOS patients had also significantly higher MDA and lower catalase levels than fertile PCOS patients. Murri et al. (2013) have performed a meta-analysis covering 68 studies that evaluated oxidative stress in PCOS. These studies have included 4933 patients with PCOS and 3671 controls. Compared to the control group, patients with PCOS had higher circulating concentrations of homocysteine (23% increase), malondialdehyde (47% increase) and asymmetric dimethylarginine (ADMA) (36% increase), increased activity of superoxide dismutase (34% increase) and decreased levels of glutathione (50% decrease) and paraoxonase-1 (32% decrease). Similar results were found by restricting analyzes to studies in which patients and controls were matched for age and BMI. Based on these results, Murri et al. (2013) have concluded that circulating markers of oxidative stress are elevated in women with PCOS compared to healthy women, regardless of the weight, suggesting that oxidative stress may participate in the pathogenesis of PCOS.
Several publications have suggested that supplementation with different types of antioxidants has beneficial effects for these patients, with reduction in androgen levels (Razavi et al. 2016) , improvement of oxidative markers (Foroozanfard et al. 2015; Razavi et al. 2016) , decreased ovarian size, reduction of antral follicle number (Ghafurniyan et al. 2015) , improvement in IR (Foroozanfard et al. 2015; Ghafurniyan et al. 2015) , reduction of inflammatory parameters (Foroozanfard et al. 2015; Mombaini et al. 2017) , and anthropometric indices (Mombaini et al. 2017) .
Oxidative status probably contributes to inflammation in PCOS (Gonzalez et al. 2006) , and may be related to its pathogenesis and have close interactions with characteristics such as IR, hyperandrogenism and cardiovascular risk (Zuo et al. 2016) . Reactive oxygen species (ROS) could induce releasing of inflammatory factors and inflammatory response, by activating the associated signaling pathways of nuclear factor-κB (NF-κB), activated protein-1 (AP-1), and hypoxia-inducible factor-1 (HIF-1). Besides, inflammation could induce IR due to interference on post-insulin receptor signaling mechanisms, such as the insulin receptor substrate 1-phosphatidyl inositol 3 kinase-protein kinase B (IRS1-PI3K-PKB/Akt) pathway (Zuo et al. 2016) . Moreover, oxidative stress could enhance the activity of ovarian steroidogenic enzymes, which could stimulate androgen generation, and TNF-α may promote the proliferation of theca-interstitial cells and the synthesis of androgens (Zuo et al. 2016) .
Oxidative stress may also be related to a higher incidence of cancer in PCOS women by inducing DNA damage, such as DNA chain rupture, base modification, DNA-DNA crosslinking, DNA-protein crosslinking, and also epigenetic changes, including elevated DNA methylation level (Zuo et al. 2016 ).
Hemostatic imbalance. Hemostasis is also worth highlighting in the study of PCOS, since women affected by this syndrome have an imbalance between pro-coagulant and anticoagulant mediators, with a moderate prothrombotic tendency (Targuer et al. 2014 ) and a consequently increased thromboembolic risk (Gonzalez et al. 2013; Azziz et al. 2016; Burchall et al. 2016; Papadakis et al. 2017) . Targuer et al. (2014) have emphasized that there are few studies about the hemostatic profile of PCOS women, usually involving small samples. It is clear that PCOS is associated with increased platelet count, platelet aggregation, and a decrease in plasma fibrinolytic activity (Targuer et al. 2014) , but the mechanisms of hemostatic disturbance in PCOS still need to be better clarified (MannerasHolm et al. 2011) .
Endothelial dysfunction seems to play an important role in the pro-coagulating tendency of PCOS (Targuer et al. 2014) . Although the von Willebrand factor presents similar levels among women with and without PCOS, their levels are significantly elevated in obese women with the syndrome (Koiou et al. 2012) .
Some studies have shown increased levels of asymmetric dimethylarginine (ADMA) in PCOS women (Moran et al. 2009; Targuer et al. 2014 ). Increased ADMA levels are associated with a reduced production of nitric oxide and, consequently, an increase in systemic vascular resistance and in the risk of developing cardiovascular diseases (Deligeoroglou et al. 2012) .
Plasminogen activator inhibitor-1 (PAI-1) is an important marker of thromboembolic risk because it inhibits tissue plasminogen activator (tPA) and urokinase (uPA), which act to convert plasminogen to plasmin, a fibrinolytic enzyme. Thus, high levels of PAI-1 indicate a loss of fibrinolytic activity and therefore, a higher risk of thrombosis. In a casecontrol study that included 79 patients with PCOS and 79 healthy controls, we have demonstrated that PAI-1 levels are positively correlated with proinflammatory factors in the PCOS group. PAI-1 has a positive correlation with glycemia, BMI, abdominal circumference, HOMA-IR, VLDL-c, LAP, triglycerides, vitamin D and soluble vascular cell adhesion molecule-1 (sVCAM-1) levels (Sales et al. 2013) . Accordingly, obese women with PCOS presented increased levels of PAI-1. Moreover, the 4G allele in PAI-1 gene was more frequent in the PCOS group, and the 4G/4G genotype was associated with the highest PAI-1 levels in this population (Sales et al. 2013 ).
Tissue factor (TF) is also increased in women with PCOS (Gonzalez et al. 2013) . It is a transmembrane receptor for factor VII/VIIa and this binding leads to the activation of the extrinsic coagulation pathway (Mackman 2009 ). We compared total MPs and MPsexpressing TF (TFMPs) in the plasma of patients with PCOS that used metformin (850 mg 2×/day during at least 6 months) and another PCOS group without treatment. Total MPs levels were lower in treated patients when compared to the untreated group. Plasma levels of TFMPs were also significantly lower in the group of patients who used metformin when compared to untreated patients, suggesting that metformin could have an antithrombotic effect in PCOS women (Carvalho et al. 2017c ).
Conclusion
PCOS is the commonest hormonal disorder affecting the reproductive age women. As a syndrome, the pathophysiology has complex molecular pathways, with multiple components, such as hormonal, inflammatory, metabolic, and hemostatic alterations, characterized mainly by IR and hyperandrogenism. Studies with focus on the genetic and environmental PCOS determinants are still needed to support the development of new and consistent treatment methods, besides identifying effective strategies for the prevention of this relevant endocrine syndrome.
